ABSTRACT
INTRODUCTION
One of the major challenges for sustainable development faced by both the developed and developing countries is to ensure that all people continue to have reliable access to water service. According to the UN World Water Development Report, by 2050, at least one in four people are likely to live in a country affected by chronic or recurring shortages of freshwater (ITU, 2010) . Therefore, sustainable water resources management policies have been high priority on the agenda of many governments around the world. Furthermore, the impact of climate change in terms of sea level rise, longer drought periods and severe flooding is adding more serious pressure on the availability of water resources for global communities to sustain water welfare and economic growth (IBM, 2013) .
The Cisangkuy river basin, located in the south of Bandung Metropolitan in West Java Province Indonesia, is under unfavourable circumstances in water management. In the basin, Bandung Metropolitan is one of the most socially and economically progressive area with heavy population density of 900/km 2 . While water resources of the basin are relatively abundant, competition for these resources has increased significantly over the past 20 years leading to a situation of acute water and environmental stress in the region (D. Subarna et.al, 2014) . The increasing huge demand of water for the mega city and deforestation in the upstream area accelerated river pollution, and flood damage. Furthermore, poor water facilities operation capacity with fragmented water management governance is deteriorating conflict among stakeholders in water resources management.
In order to solve these complicated water management issues, it needs to implement innovative measures for integrated basin water management. As part of these efforts, a cooperative research project between Indonesia and Korea has recently initiated to develop smart water management system in the Cisangkuy river basin. This project titled 'Development of Smart Water Management System in Cisangkuy River Basin' is to provide decision support tool for the optimized water supply and maximized water use efficiency through coordinated multi-water facilities (dam, weir and power plant etc.) operation. The project is implemented by Korea Agency for Infrastructure Technology Advancement (KAIA). Under the support and supervision of KAIA, Korean study team is carrying out the research project in close collaboration with Indonesian counterpart agency, National Research Centre for Water Resources (PusAir).
This paper provides preliminary analysis results of initial phase study to examine potential effectiveness and feasibility of applying smart water management technologies. Also this paper deals with the spatial-temporal water balance analysis and shows the results of effect analysis with regard to implementation of structural measures and non-structural measures.
THE CHARACTERISTICS OF STUDY AREA

Basin Characteristics
As shown in the Figure 1 , the Cisangkuy river is located in the upstream of the Citarum river. The catchment area of the river is 283.7 km 2 ,, The average watershed altitude is El. 1465.2 m, and the average basin slope is 26.82 %. Water flows from south to north in the project area. Among the total cropping land with 154.3 km 2 in the basin, 28 km 2 is for dry field (18.1 %), 19.7 km2 is for rice paddy (12.76%), and 70.4 km 2 is for forests (45.61%).
Hydro-meteorological Characteristics
According to the recorded meteorological data at Bandung station operated by the BMKG (Badan Meteorologi, Klimatologi Dan Geofisika), monthly average temperature is 23.27°C, (maximum 32.3°C and minimum 16.7°C), and the percentage of sunshine is 58.1% in the region. 
Status of Water Facilities
Cisangkuy river, a tributary of the upper CRB, is one of the main water sources to Bandung. In this project area, two existing hydropower dams and reservoirs (Cipanunjang, Cileunca), three micro hydropower plants (Plengan, Lamajan, Cikalong), two tunnels and one water intake (Cikalong) are operated as shown in the Figure 2 . In addition, a new dam (Santosa and Cikalong) construction is under planning as part of the project to increase water supply capacity to Bandung region (Yooshin, 2013) .
Dams and Reservoirs
Cipanunjang and Cileunca dams and reservoirs managed by Indonesian Power were constructed for hydropower generation purpose. Natural overflow through Morning-glory type spillway is practiced during flood control operation. Maximum 5.5 m 3 /s of water is released from Cipanunjang to Cileunca reservoir through gate installed in the water intake. From Cileunca reservoir, maximum 6 m 3 /s is supplied to the three micro hydropower plants (Plengan, Lamajan, Cikalong) in downstream which are operated by PLTA. 1922, 1962, 1996 1925, 1934 1961 Table 2 summarizes main features of the three micro hydropower plants in the project area.
Micro Hydropower Plants
Water Intake
Cikalong Water Intake is located at the downstream of the Cikalong Micro Hydropower Plant. The capacity of current water intake is 1.9 m 3 /s (1.4 m 3 /s for raw water, 0.5 m 3 /s for treated water). It will be increased through a new dam construction by 1.4 m 3 /s.
METHODOLOGY
For stable water supply planning, it is necessary to be confirmed through water balance analysis (WBA). Also, the basis of comprehensive WBA is essential for integrated and coordinated water infrastructures operation in the project area considering new dam (Cikalong), existing hydropower reservoirs (Cipanunjang, Cileunca), micro hydropower plants (Plengan, Lamajan, Cikalong), intake (Cikalong), irrigation water demand, and environmental flow for the downstream of the Cisangkuy river.
KModSim, a Generalized river basin network model jointly developed by K-water Institute and Colorado State University, was applied for this WBA study (CSU, 2010) . KModSim is designed as a computer-aided tool for developing improved basin wide and regional strategies for short-term water management, long-term operational planning, drought contingency planning, water rights analysis and resolving conflicts between urban, agricultural, and environmental concerns. Especially, this model includes scenario evaluation tools, probabilistic and flow duration curves for Monte Carlo analysis, and animated visualization of simulation results.
Simulation network was established by dividing the project basin into 30 sub-basins reflecting main water infrastructures, facilities, and tributary inflow with reference to the Pataruman gauge station as shown in Figure 3 .
Based on the network, water supply safety for the main control points were analysed with current and improved operation conditions at the Cipanunjang and Cileunca reservoirs as nonstructural manners. In addition, the effect of new dam construction and reservoir dredging as structural measures was reviewed considering the increased inflow scenario as shown in Table 3 .
Figure 3 Schematic Diagram of the KModSim Network Simulation Model
WATER BALANCE ANALYSIS CONSIDERING IMPLEMENTATION OF NON-STRUCTURAL MEASURES
For water balance analysis regarding nonstructural measures, optimal and coordinated reservoir operation rule was derived. And then this new reservoir operation rule curve is compared to current operation condition to find out the possibility of improving its operational efficiency for water supply. In order to set up optimal operating curve, historic reservoir pattern and downstream demand condition were to be identified. New reservoir operation curve of Cipanunjang and Cileunca were derived to satisfy downstream water demand considering current operation pattern as shown in the Figure 4 . It shows consistent pattern by dry and wet season of the years. From December to February in the following year, the reservoirs store water to supplement the released water during dry season. It continues until May. Then the reservoirs release water from June to November for irrigation.
Analysis was conducted by applying current operating pattern curve and modified new operating curve derived from water balance analysis. Analysis condition and result are described in the following.
Analysis Condition
It was applied modified reservoir operating curve that keeps more storage to increase electric power generation and meets water supply safety regarding water shortage in dry season. Analysis condition in this case is shown as below; Period: 2002~2012 (11 years, Daily) 1. Intake 1.9 m 3 /s water from Cikalong intake station 2. Hydropower plants: Monthly average generation capacity, 9 years (2004~2012) 3. Reservoir operation curve that keeps more storage to increase electric power generation and meets safety degree of water shortage in dry season through trial and error method. Applied operating curves are as shown in Figure 5 .
Result
The results are comparing the performance at existing and modified operation is summarized in the Table 4 and 5. As shown in the Table 4 and 5, the power generation capacity and water supply safety are improved and water shortage is decreased. It shows that new operation rule will contribute not only for securing additional water through the implementation of non-structural measures but also improvement of water facilities management efficiency. 
WATER BALANCE ANALYSIS CONSIDERING IMPLEMENTATION OF STRUCTURAL MEASURES
In order to analyse the scenario on the structural measures, the effect of new dam construction and reservoir dredging was reviewed considering the increased inflow scenario.
Review of water supply plan with new Santosa dam construction
In the Cikalong water intake in the project area, 1.4 m 3 /s of additional water was planned to supply to Bandung by construction of new Santosa dam (BBWSC, 2011 Table 6 summarizes the results of WBA based on current water supply system with the scenarios of present and planned intake capacity. In case of applying the planned intake (3.3 m 3 /s) under current water supply system, water supply safety was decreased by 8.3% (92.3→84.0) at the Cikalong Intake and decreased by 12.5% (75.3→62.8) at the Pataruman gauge station in the Cisangkuy river (Q95% condition) respectively in comparison with present intake condition (1.9 m 3 /s). The analysis results indicate that additional water capacity is necessary to meet the increased water demand.
Additionally, In order to review the effect of additional water supply from the Santosa dam construction, water balance analysis for 96 scenarios with different water supply from the new dam in combination with different set of micro hydropower plant operation rules. As shown in Table 7 , water supply safety was increased with the scenario of additional dam water supply more than 1.5 m 3 /s and 60% power plant operation during wet season, and 40% operation during dry season in comparison with current water supply system.
Evaluation on the effect of new Cikalong dam construction
The Cikalong dam is tentatively under planned with 80,000 ton of storage, with 0. 
Result
According to the result at reviewing flow data in 2002~2012 dry season at Pataruman, average flow was 3.6m 3 /s which was enough to keep storage for the new dam with the volume at 80,000 m 3 .
As shown in the Table 8 , consistent water supply (0.35 m 3 /s) is possible at Cikalong intake station. However, water supply safety regarding water shortage at Pataruman for river maintenance flow and Ciherang irrigation water were decreased 2.4~4.2%.
Review of the changing reservoir volume with dredging impact
For the analysis of dredging impact, reservoir storage capacity curve for Cipanunjang and Cileunca reservoirs were extracted using the TIN data from survey map in 2009. Since there was no CAD or GIS data available, the image in the report was scanned and then applied to digital map.
Analysis condition applied new storage capacity curve and result were shown as follows. 
Analysis Condition
Result
The result of water balance analysis considering reservoir sedimentation was identical with that in current water supply system condition. It means that, since the most sediment was located under D.W.L, sediment had no effect to analysis. The volume at sedimentation estimated in this analysis using GIS data was 2.1 Mm 3 less than that in the 2009 report. And it was revealed that there was difference in the volume between the high water level and low water level at the reservoirs. It is assumed that these errors come from the difference in scale between the plan map at the report and CAD numerical topographical map and interpolation. Therefore, considering low accuracy and precision of this GIS based storage capacity curve, more detail sediment investigation and precise measurement are required. 
CONCLUSION
This paper introduced preliminary analysis results of initial phase study to examine potential effectiveness and feasibility of applying smart water management technologies. So this paper dealed with the spatial-temporal water balance analysis and presented the results of effect analysis with regard to implementation of structural measures and non-structural measures such as dam construction and implementation of optimal water facilities operation.
As a result of preliminary analysis regarding 4 different scenarios, it was founded that implementation of non-structural measures besides structural measures will contribute not only securing additional water but also improvement of water facilities management efficiency. The result of water balance analysis considering new reservoir operation curve as a non-structural measures shows that the power generation capacity and water supply safety are improved (1.4~2.6% and 0.8~1.2% respectively) and water shartage is decreased by 33 days (223→190). Also according to the results of analysis based on current water supply system with the scenarios of present (1.9 m 3 /s) and planned intake capacity (3.3 m 3 /s), indicate that additional water supply is necessary to meet the increased water demand. In case of additional water supply from the Santosa dam, water supply safety was increased with the scenario of additional dam water supply more than 1.5 m 3 /s and 60% power plant operation during wet season. In case of new Cikalong dam construction which is under planed with 80,000 ton of storage, additional consistent water supply (0.35 m 3 /s) is possible at Cikalong intake station. However, water supply safety regarding water shortage at Pataruman for river maintenance flow and Ciherang irrigation water were decreased by 2.4~4.2%. Subsequent stage research outcome will examine how ICT can bring enormous benefits to water authorities in mapping and monitoring natural water resources, water facilities operation as well as in forecasting river flows and advanced prediction in water related emergency situations such as severe drought. Furthermore, sophisticated ICT including sensor networks and Internet communications combined with GIS tools will be having an important role in the future and can be very beneficial to water management authorities in not only efficiently managing the water supply but also in water quality management.
